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® Verfahren zur automatischen Qualitatsuberwachung von Audio-Video-Programmen, welche auf einem 
magnetischen Aufzeichnungstrager aufgezeichnet sind 

(g) Beschrieben ist ein vollautomatisch ablaufendes Verfah- 
ren 2ur Qualitatsbestimmung an Oberspielten Ton- und 
Bildinformationen, welche auf einem Masterband aufge- 
zeichnet und Ober ein Schnellkopierverfahren in grofier 
Anzaht auf ein Kopierband uberspielt wird. Zur Feststellung 
von Qualitatsf ehlern bei der Erstellung des Masterbandes 
werden von diesem mindestens zwei Kopien gezogen, 
jeweils in eine Kassette konfektioniert und in zwei Pruf recor- 
der (1,2) eingelegt, deren Audio- und/oder Videosignale von 
einer Rechner- und Kontrolleinheit analysiert, bewertet und 
ausgedruckt wird. Durch Vergleich der wiedergegebenen 
Informationen konnen Fehler lokalisiert werden, wobei 
gleichzeitig festgesteltt werden kann, ob es sich urn einen 
Fehler des Masterbandes, des Kopierprozesses oder des 
Kopierbandes handelt (Figur 1). 
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Beschreibung 



Die Erfindung betrifft ein vollautomatisch ablaufen- 
des Verfahren zur Qualitatsbestimmung von uberspiel- 
ten Audio- und/ oder Videoinformationen, die von ei- 
nem Masterband mittels Schnellkopierverfahren auf ei- 
nen bandformigen magnetischen Aufzeichnungstrager 
in groBer Anzahl aufkopiert werden. 

Der weit verbreitete Gebrauch von Heimvideogera- 
ten hat die Nachfrage nach bespielten Cassetten, insbe- 
sondere Halbzoll-Videocassetten erheblich vergroBert 
Um diesen Bedarf auf wirtschaftliche Weise zu befnedi- 
gen, ist es erforderlich, von einem Masterband in kurzer 
Zeit eine groBe Anzahl von Copybandern herzustellen. 
Die Herstellung derartiger Cassetten ist schwierig, da 
Videosignale eine groBe Anzahl von Informationen ent- 
halten, die mit einem hohen Genauigkeitsgrad kopiert 
beziehungsweise dupliziert werden miissen, um eine an- 
gemessene Bildqualitat zu erhalten. . 

Ein derzeit weit verbreitetes Verfahren besteht dann, 
daB auf einem Recorder das Masterband im allgemei- 
nen in real time abgespielt wird und dieser Recorder mit 
einer groBen Anzahl von Kopierrecordern, beispiels- 
weise 1000 Stuck verbunden ist, in denen die Kopien 
ebenfalls in real time hergestellt werdea Die dazu erfor- 
derliche Logistik macht dieses Verfahren zu einem sehr 
teuren ProzeB. 

Neuerdings haben sich auf dem Markt zwei Schnell- 
kopier-Prozesse durchgesetzt, bei denen das Master- 
band bei hoher Geschwindigkeit an dem Copyband un- 
ter engem Kontakt vorbeigefiihrt wird, wobei die Infor- 
mation des Masterbandes auf das Copyband ubertragen 
wird. Dazu muB das Masterband eine spiegelbildhch 
aufgebrachte Information enthaltea die beim Schnell- 
kopieren dann auf das Copyband ubertragen wird. 

Das eine Verfahren beruht darauf, daB wahrend der 
BerQhrungszeit ein externes magnetisches Feld auf das 
Copyband einwirkt und auf diese Weise die Information 
des Masterbandes auf das Copyband bewirkt Die ande- 
re ebenfalls gebrauchliche Methode besteht darin, daB 
wahrend der Kontaktzeit durch die transparente RQck- 
seite des Copybandes ein hochgebiindelter Energie- 
strahl, beispielsweise ein Laserstrahl, einwirkt und auf 
diese Weise das Copyband uber seine Curietemperatur 
erhitzt und darauf wieder abgekuhlt wird, wobei in ana- 
loger Weise die Information des Masterbandes ubertra- 
gen wird. Beide Verfahren arbeiten mit der mehr als 
lOOfachen Geschwindigkeit gegenuber der normalen 
Wiedergabegeschwindigkeit bei Schragspur-Videoauf- 
zeichnungs- und Wiedergabe verfahren. 

Das erstgenannte Schnellkopierverfahren ist in der 
europaischen Anmeldung 03 66 531 beschrieben, wah- 
rend das letztgenannte thermomagnetische Duplika- 
tionsverfahren in der EP 01 13 456 ausfuhrlich erlautert 
wird- 

Um eine groBe Anzahl von Kopien mit derartigen 
Schnellverfahren herzustellen, lauft das Masterband in 
einer Endlosschleife am Copyband im engen Kontakt 
unter hohem Druck vorbei. 

In Duplizierbetrieben mit Schnellkopieranlagen 
(Sprinter, TMD) wird vom Masterband eine Spiegelko- 
pie mittels eines Mirrormaster-Recorders gezogea Die 
so erzeugte Masterkopie wird dazu verwendet um meh- 
rere 1000 m lange Leerbander (Pancakes) mit den Infor- 
mationen des Masters wie oben beschrieben zu bespie- 
len. Auf die Art und Weise kann ein Pancake eine groBe 
Anzahl Kopien eines einzigen Filmes enthalten. Um die 
AusschuBquote, bedingt durch die Erstellung der Mir- 



ror-Masterkopie so gering wie m6glich zu halten, wird 
vor dem durchlaufenden LoaderprozeB eine Erstkasset- 
te produziert und von Prufpersonal audiovisuell beur- 
teilt Dies stellt ein zeit- und kostenaufwendiges Verfah- 
5 ren dar und ist fur das Prufpersonal auBerst ermudend 
Eine Anzahl von Schutzrechten beschaftigt sich mit 
der Kontrolle von analogen oder digitalen Aufzeichnun- 
gen auf Magnetband, beispielsweise als Fabrikations- 
kontrolle fur Magnetbander. Nach der Lehre der EP 
, 0 00 83 686 und EP 03 09 639 wird dabei das Input-Signal 
mit dem Output-Signal vollautomatisch verghchen. 
Wird beim Kopieren von Aufzeichnungen ein Unter- 
schied zwischen Masterband und Kopie festgestellt, so 
kann dies nach der Lehre der GB 1 1 58 148 durch Ande- 
15 rung des Verstarkungsgrades auf dem Kopierrecorder 
ausgeglichen werden. In der FR 24 20 822 ist beschrie- 
ben, daB zur Kontrolle der Aufzeichnung des Kopier- 
recorders ein Prufkopf im Hinterbandbetrieb eingefiihrt 
wird, der die notigen Einstellungen ermoglicht In der 
20 DE 17 72 155 ist eine Vergleichsschaltung beschrieben, 
bei der die Aufzeichnung des Masterbandes mit der des 
Kopierbandes verglichen und angezeigt wird 

Die GB 14 08 818 und US 35 17 305 beschreiben Vor- 
richtungen zur Kontrolle der Aufzeichnung digitaler 
25 Daten. Die DE 32 42 58 sowie DE 33 14 873 beschreiben 
Verfahren zur Erkennung eines Videobandes daraufhin, 
ob es sich um ein Original oder eine Kopie handelt. 

Die PCT-Anmeldung 81/03 591 beschreibt em Ver- 
fahren sowie eine Vorrichtung fUr eine vollautomatische 
30 Kontrolle einer Aufzeichnung auf Videoband daraufhin, 
ob sie geldscht oder uberkopiert worden ist. Dies ge- 
schieht, indent auf der Audiospur ein niederfrequentes 
Signal kufgebracht wird; beim schnellen Zuruckspulen 
wird die Video- und die Audiokontrollspur gepruft und 
35 ein Fehler vollautomatisch registriert. 

Der Erfindung lag die Aufgabe zugrunde, em vollau- 
tomatisch ablaufendes Verfahren der eingangs genann- 
ten gattungsmaBigen Art zu finden, welches wesentlich 
effektiver als das beschriebene aus dem Stand der Tech- 
40 nik bekannte Verfahren ist welches preisgiinstig und fur 
den Operator ermudungsfrei arbeitet und bei dem mit 
ausreichender Zuverlassigkeit die Qualitat der uber- 
spielten Informationen Rtickschiusse auf die Aufzeich- 
nungsqualitat des Mirror-Masters sowie des verwende- 
45 ten Kopier-BandmaterialszulaBt. 

Ferner war die Aufgabe zu losen, bei der Feststellung 
von Qualitatsfehlern. die bei der Erstellung des Mirror- 
Masterbandes auftreten konnen, eindeutig die Ursache 
zu bestimmen. 

SchlieBlich sollte die zur Durchfuhrung des erfin- 



dungsgemaBen Verfahrens benutzte Prufeinrichtung so 
beschaffen sein, daB mehrere Pancakes (verschiedene 
Aufzeichnungen) reprasentiert durch je zwei Kassetten 
aus einem Pancake, gepruft werden kdnnen. 
55 ErfindungsgemaB wurden die Aufgaben gelost mit 
einem Verfahren mit den im kennzeichnenden Teil des 
Anspruchs 1 genannten Merkmalen. Weitere Etnzelhei- 
ten der Erfindung gehen aus den Unteranspnichen, den 
Diagrammen und der Beschreibung hervor. 
M Nachstehend wird die Erfindung anhand der Dia- 
gramme naher erlautert und zwar zeigt 

Fig. 1 ein AusfQhrungsbeispiel eines MeBplatzes zur 
DurchfUhrung des Verfahrens 
Fig. 2 ein MeBdaten- und Analyseschema zur Quali- 
65 tatsbeurteilung 

Der Erfindung lag die Oberlegung zugrunde, daB die 
Qualitat der iiberspielten Informationen mit ausreichen- 
der Sicherheit sowie ohne Stoning durch den Anwender 
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und ohne zusatzlich aufgesprochene Testsequenzen, 
durch vergleichende Messungen an den aufgezeichne- 
ten Audio* und Videosignalen gepruft und bestimmt 
werdenkann. 

Das erfindungsgemaBe Verfahren wird 1m folgenden 
am Beispiel der Kopie eines Pancakes und zweier gela- 
dener Kassetten naher erlautert. 

Wie oben beschrieben, wird von der urspriinglichen 
Filmkassette beziehungsweise -rolle mittels eines Mir- 
rormaster-Recorders eine Spiegelkopie gezogen, deren 
Audio- und Videoinformationen von einer Schnellko- 
pieranlage mehrfach auf einen magnetischen Aufzeich- 
nungstrager groBerer Lange, einem sogenannten Pan- 
cake, kopiert wird. Aus diesem Pancake werden zwei 
Langen herausgeschnitten, zweckmaBigerweise die bei- 
den ersten Langen, in einer handeisublichen Cassette 
konfektioniert (enthalten identische Informationen) und 
dem anschlieBend naher zu beschreibenden MeBablauf 
zugefuhrt. 

Die Prufanlage zur Qualitatsbestimmung der durch 
Schnellkopie erzeugten Cassetten besteht, wie aus 
Fig. 1 ersichtlich, aus mindestens 2 Prufrecordem (1, 2), 
wobei die Anzahl der Prufrecorder nicht auf zwei be- 
schrankt sein muB. 

Jeder der Prufrecorder hat Ausgange fur die aufge- 
sprochenen Audio- und Videosignale sowie fur die RF 
und einen Eingang zur Recordersteuerung (6) durch die 
Kontrolleinheit (3). Diese Audio- und Videosignale und 
die RF werden direkt der Prufeinheit zugefuhrt und dort 
die zur Beurteilung der Audio- und Videowiedergabeei- 
genschaften notwendigen MeBdaten erfaflt 

Der Prufablauf sowie die Analyse der erfaBten MeB- 
daten wird iiber eine mit der Kontrolleinheit verbun- 
dene Rechnerstation (4) gesteuert und analysiert Zur 
Protokollierung ist ein Drucker (5) instailiert. Zur Beob- 
achtung der Wiedergabe werden die Signale uber eine 
manuell zu bedienende Schalteinheit (7) auf einen Moni- 
tor (8) und ein Oszilloskop (4) ubertragen. 

Der MeBablauf sowie die Qualitatsbestimmung mit- 
tels der erfaBten MeBdaten geschieht wie in Fig. 2 dar- 
gestellt. 

Die zwei erstellten Cassetten werden in die Prufrec- 
order (1, 2) eingelegt. Ein Startsignal der Rechnereinheit 
(4) veranlaBt die Prufrecorder, automatisch an den 
Bandanfang zu fahren. Haben beide Prufrecorder diese 
Bandstelle erreicht, werden sie gleichzeitig in den Wie- 
dergabemodus geschaltet und nach Triggerung der 
MeBdatenerfassungseinheiten (Bestandteil der Kon- 
trolleinheit (3)) durch die Rechnerstation gestartet. Wird 
das Ende der Aufzeichnung erkannt, wird automatisch 
zum Bandanfang zuriickgespult. Die MeBdaten werden 
uber die komplette Wiedergabezeit erfaBt und in Echt- 
zeit analysiert. 

Gemessen werden die Wiedergabe der Longitudina- 
laufzeichnung fur Kanal 1 und 2 sowie die Wiedergabe 
der Amplitude Hifi- Aufzeichnung fur Kanal 1 und 2, die 
Hullkurve der Hifi-Tragerfrequenz fur Kanal 1 und 2, 
die Hullkurve der Video-Tragerfrequenz und die Dro- 
pouts, ermittelt aus der Video-Tragerfrequenz. Zusatz- 
lich wird die Information der Kontrollspur den erfaBten 
MeBdaten zur Kennung der Bandstelle zugeordnet. 

Die erfaBten MeBdaten werden durch vergleichende 
Messungen, einmal von Prufrecorder t zu Prufrecorder 
2 und zum zweiten von Wiedergabe der Amplitude der 
Longitudinalaufzeichnung zur Wiedergabe der Ampli- 
tude der Hifi- Aufzeichnung pro Kanal und je Prufrecor- 
der auf ortsfeste und ortsfremde Fehler untersucht 

Aus der Art und den drtlichen Zusammenhangen der 



festgestellten Fehler konnen QualitatseinbuBen den 
Fehlerquellen im Kopier- und LadeprozeB zugeordnet 
werden, Ebenso konnen Ruckschlusse auf das verwen- 
dete Bandmaterial gezogen werden. 
5 Befindet sich der festgestellte Fehler auf beiden Ban- 
dern beziehungsweise beiden Cassetten ortlich jeweils 
an der gleichen Stelle, so muB auf einen Fehler des 
* Mirrormasterbandes geschlossen werden, womit die 
Hauptaufgabe gelost ist. Befindet er sich dagegen an 
io unterschiedlichen Steilen. so kann auf einen Fehler beim 
KopierprozeB und/oder dem Kopierband geschlossen 
werden. 

Zur wiederholten Auffindung und Betrachtung ernes 
festgestellten Fehlers isi eine Vorlaufautomatik einge- 
15 baut Die anzufahrende Bandstelle wird uber den Com- 
puter eingegeben und durch Zahlen der Kontrollspur- 
Impulse erreicht Die Kontrollspuren befinden sich bei 
jedem kopierten Band benachbart einer Bandkante, 
welche entgegengesetzt der Bandkante ist, benachbart 
20 der sich die beiden Longitudinalaufzeichnungen befin- 
den. Ober den Monitor, Lautsprecher und Oszillograf 
kann der Fehler visuell und akustisch beurteilt und ent- 
schieden werden. ob der Fehler fur die Freigabe der 
Cassette tolerabel oder prohibitiv ist. 
25 Da die beim Kopier- und Ladevorgang moglichen 
und festgestellten Fehler vollautomatisch gemessen und 
analysiert werden, ist eine praktisch ermudungsfreie 
Prufung der Cassette moglich. 



30 Patentanspniche 

1 . Vollautomatisch ablaufendes Verfahren zur Qua- 
litatsbestimmung von uberspielten Audio- und/ 
oder Videoinformationen, die von einem Master- 

35 band mittels eines Schnellkopierverfahrens auf ei- 
nen bandfOrmigen magnetischen Aufzeichnungs- 
trager in groBer Anzahl aufkopiert werden, ge- 
kennzeichnet durch die Verfahrensschritte 

— mindestens zwei mit aufkopierten identi- 
40 schen Informationen versehene Kopierbander 

werden in eine entsprechende Anzahl von han- 
deisublichen Cassetten konfektioniert und die- 
se in eine entsprechende Anzahl von Prfifrec- 
ordern (1,2) eingelegt 
45 — die von den Prufrecordem ausgehenden 

Audio und/oder Videosignale werden einer 
Prufeinheit (3, 6, 7) zugefuhrt, bestehend aus 
einer Kontrolleinheit (3), einer Recordersteue- 
rung (6) sowie einem Umschalter (7) , welche 
50 mit einer Rechnereinheit (4) verbunden ist, 

welche den Prufablauf steuert und die aufge- 
nommenen Daten analysiert und auf einem 
Drucker (5) ausdruckt. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
55 zeichnet, daB die Kontrolleinheit (3) , welche einen 

Analog-Digitalwandler fiir die Tragerfrequenzen 
sowie fiir die Audio-Signale und einen Dropout- 
Zahler enthak, die von den PrOfrecordern (1, 2) 
ausgehenden von identischen Steilen der beiden 
6o Priifbander stammenden Audio- und Videosignale 
jeweils miteinander vergleicht und Differenzen der 
Rechnereinheit (4) weitergibt, welche diese auf dem 
Plotter (5) ausdruckt 

3. Verfahren nach den Anspriichen 1 bis 2, dadurch 
65 gekennzeichnet, daB die MeBdaten uber die kom- 
plette Wiedergabezeit des magnetischen Aufzeich- 
nungstragers erfaBt und in Echtzeit analysiert wird. 

4. Verfahren nach den Anspriichen 1 bis 3, dadurch 
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gekennzeichnete daB ein von der Rechnereinheit 
(4) festgestellter Fehler durch Zahlen der auf der 
Kontrollspur des magnetischen Aufzeichnungstra- 
gers aufgebrachten Impulse wieder aufgefunden 
und mittels des Umschalters (7) , welcher wahlweise s 
die von den Prufrecordern 1 oder 2 ausgehenden 
Signale auf einen Monitor (8) und/oder einen Oszil- 
lographen (9) zur visuellen Beurteilung des Fehlers 
ubermittelt 

10 

Hierzu 2 Seite(n) Zeichnungen 
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ABSTRACT 



Master quality copies of digital data are generated by 
a method and apparatus that provides bit to bit data 
verification for each track of data on the produced 
copies. The integrity of the data on the copies being 
generated is verified by comparing, on a continuous 
flow basis, data written on the copies with the same 
data read from the copies. A data storage device stor- 
es the data written on the copies and provides it for 
comparison with data read from them. The data stored 
in the storage device is verified before being read out. 
Detection and indication that the number of clock bits 
written on the respective copies equals the number of 
clock bits read from them is provided as further verifi- 
cation of the copies. 

6 Claims, 3 Drawing Figures 
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1 2 

DIGITAL DATA COPY DUPLICATION METHOD . It is a further object of this invention to provide a dig- 
AND APPARATUS UTILIZING BIT TO BIT DATA ital dataVecord duplication system that provides fast bit 
VERIFICATION to bit data verification for each track of digital data du- 

plicated on the slave copies. 

These objects and the general purpose of this inven- 
tion are accomplished by a method and apparatus that 
The present invention relates generally to improve- can produce a plurality of slave copies simultaneously 
ments in digital data copy duplication methods and ap- and provides bit to. bit data verification, on a continu- 
paratus and more particularly pertains to a new and im- ous flow basis, for each track of data on the slave cop- 
proved method and apparatus for verifying the digital 10 i e s. Data is read from a master record and written on 
data reproduced on the copy. a slave copy or plurality of slave copies simultaneously, 

In the field of magnetic medium data recording on a continuous flow basis, while data is being read 
wherein it has been desirable and necessary to verify from the master record. Each track of slave copy data 
the information being recorded, several methods here- is verified by reading the previously written data and 
tofore have been used to provide some indication of the 15 comparing it with such data, on a continuous flow ba- 
veracity of the information on the copy. One tech- sis, while data is being written on the slave copy, 
nique, for example, involves monitoring of the current 
in the recording head during the recording operation. 



DESCRIPTION OF THE DRAWINGS 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



An indication that current is present in the head is Other objects and many of the attendant advantages 
taken as an indication that the information is being cor- 20 of this invention will be readily appreciated as the same 

rectly recorded on the medium. This technique can becomes better understood by reference to the follow- 
provide an erroneous verification of data on a copy be- ing detailed description when considered in conjunc- 
cause the recording head may become clogged with ox- tion with the accompanying drawings in which like ref- 

ide, causing a current in the head indication even when 25 erence numerals designate like parts throughout the 

no information is being impressed on the medium. An- figures thereof, and wherein: 

other technique utilizes a reproduce head, located FIG. 1 is a block diagram representation of a multi- 
downstream from the recording head, in the reproduc- track multi-copy digital data duplication system em- 
ing equipment to interrogate the information that had ploying data verification. 

previously been written. This technique, however, in 30 FIG. 2 is a block diagram representation of the data 

addition to requiring an additional recording head, re- verification apparatus of this invention, 

quires large storage capacity for comparing the re- FIG. 3 is a pulse diagram representing a sequence of 

corded and read data on a steady state basis. Because the functional relationships of the structure of FIG. 2. 
of its inherent operation, this technique is slow. The 

data that is recovered from the copy by the down- 35 
stream head is compared with the data that had been 
previously recorded, after a large block of information 

had been recorded on the copy and stored in the stor- Referring first to FIG. I wherein a multiple-track, 

age means, before the next block of information is writ- multiple-copy digital data duplication system is shown 

ten on the copy. Another technique involves using only 40 consisting of a master drive 11 for obtaining informa- 

one read/write head. U.S. Pat. No. 3,571,582, for ex- tion from a master copy that is to be supplied to a slave 

ample, uses the same read/write head for recording drive 15 through a read/write data synchronizer 13, the 

data on a magnetic medium as reading data therefrom slave drive producing a plurality of copies 21, 23 and 

to verify its accuracy. This system, however, requires 25 of the master. Data verifier circuitry 27, 29, 31, 33, 

additional transducers to locate frame addresses and 45 35 and 37 is assigned to each track of data recorded on 

requires a complicated control procedure and expen- the plurality of copies, 1 to N. 

sive hardware, to implement it, in addition to having to Master drive 11 may be any well known information 

stop recording on the copy while reading from it. readout device, such as a tape transport with read elec- 

In order to eliminate the requirement of a large stor- tronics, for example, a magnetic disk drive with its as- 
age capacity, in a situation when data is being read 50 sociate read electronics, or even a core memory with 
from one source and written onto another source at its associated retrieval electronics. For the sake of con- 
varying rates, it has been recognized, such as in U.S. venience and simplicity it will be assumed that master 
Pat. No. 3,571,801, that a relatively small storage regis- drive 11 is a tape transport with associated read elec- 
ter may be used as a buffer between the data source tronics. The output of master drive 11, therefore, is a 
and the data read out unit. By feeding data into the 55 series of clock signals over clock line 47 and a plurality 
storage register at a rate that does not substantially ex- of digital data strings, over data lines 49 to 51, one for 
ceed or fall below the rate at which data is read out of each track of data recorded on the magnetic medium 
the register, there is a dynamic flow of data from the utilized by the master drive. A magnetic medium mo- 
supply source to the read-out source with the storage tion control line 45 carries signals from operator con- 
register acting as a buffer for slight variations in the trol circuitry 19 to cause the magnetic medium in mas- 
data in-rate versus the data out-rate. ter drive 11 to rotate in one direction or another; i.e., 

in the read direction or in the rewind direction. Master 

SUMMARY OF THE INVENTION drive unit 11 has been described as being a tape drive 

It is, therefore, an object of this invention to provide 65 transport that utilizes a plurality of data tracks. It 

a fast digital data record duplication system that gener- should be understood, however, that cassette drives 

ates a plurality, of master quality slave copies from- one that utilize only a single data track along with a clock 

master record. track may also be used as a master drive. 
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The read/write data synchronizer 13 comprises a device in the read/write data synchronizer will neither 

data storage device such as a register or random access overflow or be exhausted. The amount of data within 

memory that receives the data and clock information the data storage device may vary from instant to in- 

from the master drive 11. If only a single storage device stant, depending on the minor data rate fluctuations be- 

is utilized for a master drive that has a plurality of data 5 tween the data input rate and the data output rate, 

tracks, the read/write data synchronizer requires a The master drive speed control circuitry 17 may be 

parallel/serial conversion device, which is well known a standard servo motor control circuit and does not 

in the art, since the read/write data synchronizer will constitute any part of this invention, 

only work in a serial mode. However, the read/write The logic circuitry of the operator controls 19 is well 

data synchronizer may receive date in a parallel form 10 within the purview of a person of ordinary skill in the 

if a data storage device is provided for each data track art. For example, the operator control logic circuits 19 

being supplied by the master drive 11. The data beingg supply start, stop and rewind control pulses to the 

supplied by master drive 1 1 is read into the storage de- read/write data synchronizer 13 and to the data verifi- 

vice or devices in the read/write data synchronizer 13 ers 27 through 37. Control line 39, for example, 

at a rate dictated by the clock pulses being supplied to 15 supplies a signal K n to number 11 data verifier 27 while 

the data synchronizer over clock line 47. These clock control line 41 supplies a control signal to number 

pulses originate in the master drive; in our example, NT data verifier 37. The exact number of data verifiers 

from the magnetic medium. The data in a storage de- 27 through 37, of course, depends upon the number of 

vice of the read/write data synchronizer 13 is read out simultaneous copies, 21 through 25, that are being gen- 

of the storage device at a clock rate supplied by a stan- 20 erated and the number of tracks of data, 1 through T, 

dard three phase clock generating .device which that are used per copy. In other words, a ratio of one 

supplies a three phase clock rate. This type of clock data verifier per each track of digital data to be verified 

generator is well known in the art. One phase from the is desirable. Although, a single data verifier may be 

three phase clock is supplied over clock line 55 to the used if a parallel/serial conversion is performed, 

multiple slave drive 15 and dictates the rate at which 25 Each data verifier, taking number 11 data verifier 27 

data is removed from a storage device in the data syn- for example, receives one track of digital data and the 

chronizer 13 and read onto the plurality of copies 21, clock information that is being written onto its copy, 

23, and 25 generated by the multiple slave drive 15. number 1 copy 21, and receives data and clock infor- 

The other two clock phases of the three phase clock are mation that has been read from that copy by a read gap 

supplied over line 43 to control the various sequences 30 downstream from the write gap on the magnetic head 

of operation in the data verifiers and the read/write assigned to that track of information in the multiple 

synchronizer. slave drive 15. 

Multiple stave drive 15 is similar to master drive 11 The data track that has been read from a copy is 
except that it is in a write mode rather than a read compared, bit by bit, with the data that has been re- 
mode and may use a common drive to move the plural- 35 corded on that copy to verify the data recorded on that 
ity of magnetic mediums, each of which makes up a copy. This is cone on a continuous flow basis as will be 
copy, or, control the individual drives, one for each me- hereinafter explained. Taking the number 1 1 data veri- 
dium that makes a copy. In other words, the multiple fier 27 as an example, the data to be recorded on track 
tracks of data, such as data track number 1 received on one of number 1 copy 21 is the data entering multiple 
line 57 and data track number T received on line 59, 40 slave drive unit 15 over data line 57 and is supplied to 
as well as clock information on line 55 received by the the number 1 1 data verifier 27 over line 63. Clock in- 
slave drive 15 are simultaneously written on each of the formation over clock line 55 is supplied to each data 
copies 21, 23, and 25 that are being generated by the verifier and copy. The data information that is being 
multiple slave drive 15. A motion control line 53, here written onto copy number 1 in track 1, at the same 
again, conducts signals from operator control circuits 45 time, is being supplied to the number 1 1 data verifier 
19 to cause the multiple slave drive to rotate in the 27. When the read gap of the head in multiple slave 
write direction or rewind direction. drive unit 15 transgresses data information, it will out- 

The data storage device or devices in the read/write put the clock information that it has read to the number 

data synchronizer 13 conceptually operates very simi- 11, 27 data verifier over clock line 67 and output the 

larly to the storage register in prior art U.S. Pat. No. data over data line 60. 

3,57 1 ,80 1 . In other words, a master drive speed control The other data verifiers 29, 31, 33, 35 and 37 receive 
17 is responsive to signals received from the read/write the same type of information. For example, the number 
data synchronizer 13 over line 16 to regulate the speed IT data verifier 29 receives the T track of data from 
of the motor driving the magnetic medium in the mas- copy number 1. The number 21 data verifier 31 re- 
ter drive 1 1 so that the data rate over data lines 49 to * ccives the first track of data for copy number 1. The 
51 into the storage device in read/write data synchro- number 2T verifier 33 receives the T track of data for 
nizer 13 does not greatly exceed the data read-out rate copy number 2, which is identical to the T track of 
over lines 57 to 59 of the data storage device in read/- data in copy number 1. The Nl data verifier 35 re- 
write data synchronizer 13. This prevents the data stor- 6Q ceives the first data track of copy number N which is 
age device from overflowing. The converse will also be identical to the first data track of copy number 1. The 
true. In other words, the speed of the motor driving the NT data verifier 37 receives the T track of data for 
magnetic medium in the master drive 11 will bein- copy number N. By this organizational scheme, each 
creased if the data rate over lines 49 to 51 into the data bit of data recorded on the copies may be 100 percent 
storage device within read/write data synchronizer 13 65 verified. 

is greatly less than the data read-out rate, over data Referring now to FIG. 2, the structure of a data veri- 

lines 57 to 59, out of a data storage device in read/write fier, for example, number 1 1 data verifier 27 is shown, 

data synchronizer 13. Thus, in effect, the data storage Data being written onto the copies 21 through 25 by 
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the write electronics of multiple slave drive unit 15 load counter 79 and the read data counter 81 are sup- 

(FIG. 1 ) is also supplied to a random access memory plied over lines 107 and. 109 respectively to a count co- 

73, one for each track of data, over lines 63 and 61; line incidence detector 87 which generates an indication 

63 being the data line, line 61 being the clock line hav- when the count of the write data memory load counter 

ing phase one timing. The random access memory 73 5 79 is equal to the count in the read data counter 81. 

is well known in the art and, therefore, its structure will Coincidence in the counts is an indication that the 

not be discussed herein. The memory is driven by two number of clock bits recorded on a copy equals the 

other clock pulse trains, CS, fed to it over line 43 which number of clock bits read from that copy. If coinci- 

are in a second and third phase relationship with the dence is not present, an error in recording has occurred 

write clock pulse train received by the memory 73 over 10 somewhere along the track. 

line 61. Referring now to FIG. 3, the pulse diagrams illustrate 
Data is read out of the memory 73 over line 97 to a the sequence of functional occurrences in the various 
memory load verifier circuit 75 and a data comparator circuits of FIG. 2. An explanation of the functional re- 
circuit 85. Lines 91 and 95 load the memory load veri- lationship of the apparatus of FIG. 2 will now be given 
fter 75 with the write data from line 63 and the phase 15 with re f er ence to both FIG. 2 and FIG. 3. As was ex- 
one clock information from line 61. plained earlier, the clock generating apparatus in the 
The memory load verifier 75 is basically an Exclusive rea d/write data synchronizer 13 (FIG. 1 ) generates a 
OR logic circuit that compares the character of the two three-phase clock signal. The clock information re- 
signals received on a biMo-bit basis and gives an indi- ce i V ed on line 61 by random access memory 73 is for 
cation is there is no coincidence between them. The 20 convenience j abe !ed the <f> 1 slave write clock 125. This 
signals compared, of course, are binary data bits. In dock information is also written on the copy being gen- 
other words, either a binary 1 or a binary 0 representa- erated The ^ j sequence clock pulse 127 and the 0 3 
tion. The function of the memory load verifier 75 is to sequence clock pulse 129, are supplied to the one-bit 
insure that what is written into a certain memory loca- data buffer 83 and to the random access memory 73 
tion in the random access memory 73 is really there. 25 ^ ^ ^ ^ ^ ^ select gates circuit ?? 

This is accomplished in a manner that will be heremaf- a * %gi 

, . . \ ... , over line I lo. 

ter explained m connection with the operation of the As can ^ seen from RG 3 ^ 0 , s)ave write c i oc k 

data verifiers of this invention. gi , s J25 m first jn u the + 2 8 nce clock sig . 

Data comparator 85 which is also an Exclusive OR n * g 12? are second an<J ^ ^ 3 nce clock signals 

circuit, compares mformation on a b.t-to-b.t basis m 30 ^ ^ fol , each Qther c , ose , ^ 

the same manner as the memory load verifier 75. The . . , , , . - , , • ■ a 

nim , J - . . slave read clock signals 131 are <fi 1 clock signals since 

data comparator 85, however, compares the data read . . , » • , . c l • 

- A . f . - . * , . ' f . A . they are the clock signals read from the copy being gen- 

from the track of data being reproduced on the copies * ^ & 

Ss*™k UltiP,C SlaVC ^ data WrUten ° n 35 Cr ^ e pulse indications of FIG 3 should be understood 
The^data read from the copy is received by a one-bit to be idealistic representations of reality, only indicat- 
data buffer 83 over lines 69 and 67, line 67 carrying the in * the « ener f 1 operational relationship of the occur- 
phase one clock information read from the copy. The rences J n the data venfier of 1 this invention, each phase 
one-bit data buffer 83 also receives phase three clock one pulse in the diagram of F G. 3 representing a one- 
information over line 43 from the clock generating ap- 40 * !t data P enod * ^'cations 119, 121, and 123 of FIG 
paratus in the read/write data synchronizer 13 (FIG. 3 are representative of breaks m the pulse strings with 
1 ). A start control signal K u is sent from the operator P uIses occurring therein m the predetermined pattern, 
control circuit 19 (FIG. 1) over line 39 to a start latch 

89 to initiate operation of the data compare function of As each bit of data 15 clocked into the random access 
the data verifier 27 by energizing its logic. The start 45 memory 73 by ^ 1 slave write clock pulses, on line 61, 
latch 89 is energized only when there is a coincidence the write memory load counter 79 is advanced by one 
between the K„ start signal received over line 39 and count causing the address select gates circuit 77 to indi- 
the occurrence of the first clock pulse on line 67. This cate ^ e next storage space in the random access mem- 
will happen some period of time after the first clock ory 73 to be occupied by the next data bit. Before the 
pulse appears on line 61 and is written on the copy, the 50 next bit of data is written into the random access mem- 
time span depending on the physical relationship be- ory 73, a <?> 2 sequence clock pulse is supplied to the 
tween the read gap and the write gap on the head in the random access memory 73 causing the bit just written 
multiple slave drive (FIG. 1), normally 120 bits. This to be read out. These two bits are compared in the 
clock pulse is also supplied to the write data memory memory load verifier 75, an error indication given, if 
load counter 79 over line 93 wherein a count of the coincidence is not detected. 

number of write clock pulses received is generated. Thus, as can be seen from FIG. 3, every time the 

When the first read clock pulse is received by the slave write clock generates a <f> 1 pulse, a bit of data is 

one-bit data buffer 83 over line 67, a count is also written into the random access memory 75, as shown 

started in a read data counter 81 which counts the 6Q by the data write line 33 of FIG. 3- Before the next bit 

number of clock bits read from the copy. The read data of data is written, a 0 2 sequence clock pulse, causes 

count of counter 81 is supplied to address select gates the data in the random acccess memory 73 to be veri- 

circuitry 77 over line 103, which acts as a pointer to a fied, as indicated by the data verify line 135 of FIG. 3. 

particular memory location for readout purposes. The Until the read gap or read head of the slave drive (FIG. 

count of the write data memory load counter 79 is sup- 65 1 ) picks up the first bit of written information from the 

plied to the address select gates circuitry 77 over line copy medium, the <f> 3 sequence clock pulses will not 

101 as a pointer to a particular memory location for cause any operation to occur because the start latch 89 

write purposes. The outputs of the write data memory has not yet been activated. 
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Upon the first bit of data being read from the copy 
by the read gap on the head, (not shown) the first <f> 1 
slave read clock pulse 131 clocks it into the slave read 
one bit data buffer 83 over line 69. The first slave read 
clock pulse also triggers the latch 89. As this first bit of 5 
slave read data is read into the one bit data buffer 83, 
it is also supplied to the read data counter 81 to ad- 
vance the count therein. The output of the read data 
counter 81 is supplied to the address select gates cir- 
cuitry 77, which responds to the output of the read data 1 0 
counter 81 to point to the storage location in the ran- 
dom access memory 73 that has stored that first bit of 
information now being read from the copy. During this 
phase one clock time, another bit of data is being read 
into the random access memory over line 63 from the 1 5 
master into a location in the memory selected by ad- 
dress select gates circuitry 77, as directed by the write 
data memory load counter 79. This particular data bit 
is then verified during the phase two clock time by 
memory load verifier 75, as explained earlier. 20 

Since a bit of information is stored in the data buffer 
83, during this time period, the <f> 3 sequence clock 
pulse 129 will cause the bit of information stored in the 
data buffer 83 to be clocked into the data comparator 
85 at the same time that the first bit of information read 25 
into random access memory 73 is read out of the stor- 
age location selected by the address selecting circuitry 
77, as indicated by the read data counter 81 and di- 
rected by the 3 clock train. These two bits of infor- 
mation, the one from the random access memory and 3u 
the one from the data buffer, are compared in the data 
comparator 85 during the <$> 3 sequence clock period, 
as indicated by the data compare pulse line 137 of FIG. 
3. If a coincidence occurs, no indication is given. If 
there is a lack of coincidence between the two bits, an 35 
error signal which may trigger a stop cycle or merely 
present an error indication without interrupting the 
copying sequence, is generated. 

The particular procedure, as thus far described, will 
continue in this manner, as illustrated by the pulse se- 40 
quences of FIG. 3, until every bit of data on the master 
has been read from the slave and compared, bit by bit 
with the master copy. At the time when the last bit of 
data has been read from the copy, the count of the read 
data counter 81 must equal the count of the write data 
memory load counter 71, the write data memory load 
counter 79 having led the read data counter 81 in its 
count throughout the cycle. If there is a count coinci- 
dence between the two counters 79 and 81, count coin- 
cidence detector 87, as supplied over lines 107 and 109 
by the respective counters, will indicate such a coinci- 
dence as illustrated by the count coincidence pulse 
train 143. 

In summary, therefore, it should be understood that 55 
the data verifier of FIG. 2 is representative of the type 
of verifier used in the digital data copy duplication sys- 
tem of FIG. 1. It helps to provide a fast digital data re- 
cord duplication system that can generate a plurality of 
master quality slave copies from one master record by 6Q 
providing a fast bit-to-bit data verification for each 
track of digital data duplicated on the slave copy. 

It shoud be understood, of course, that the foregoing 
disclosure relates to only preferred embodiments of the 
invention, and that numerous modifications or alter- 65 
ations may be made therein without departing from the 
spirit and scope of the invention as set forth in the ap- 
pended claims. 
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What is claimed is: 

1. A tape duplication system for generating magnetic 
tape copies of information recorded in binary form on 
a master magnetic tape, comprising: 

a master tape drive having a tape therein carrying in- 
formation represented as binary bits; 
a slave tape drive having a tape therein that is blank; 

means for writing binary information bits previously 
read from the tape in said master tape drive onto 
the tape in said slave tape drive as other binary in- 
formation bits are read from the tape in said master 
tape drive; 

means for storing less than all the binary information 
bits as they are written on the tape in said slave 
tape drive; 

means for reading binary information bits from the 
tape in said slave tape drive as other binary infor- 
mation bits are being written on the tape in said 
slave tape drive; 

means for temporarily storing one bit of the binary 
information on said slave tape drive as it is read 
from the tape in said slave tape drive; 

means for removing the binary information bit that 
corresponds with the bit presently in said tempo- 
rary store means from said storing means; and 

means for comparing the bit removed from said stor- 
ing means with the bit in said temporary storing 
means. 

2. The tape duplication system of claim 1 wherein 
said storing means has a plurality of bit storage loca- 
tions, and further comprises means for comparing each 
bit of data stored in a particular storage location in said 
storing means with the bit of data removed from the 
same storage location, before another bit of data is 
stored in another storage location in said storing 
means, in between comparing the bits removed from 
said storing means with the bits read from the tape in 
said slave tape drive. 

3. The tape duplication system of claim 1, further 
comprising: 

first means for counting the number of clock bits 
being utilized to store the binary information bits 
in said storing means; 

second means for counting the number of clock bits 
being utilized to read the binary information bits 
from the tape in said slave tape drive; and 

means for detecting a coincidence in the count of 
said first counting means and said second counting 
means. 

4. A verification process for a tape duplication sys- 
tem that generates magnetic tape copies of information 
recorded in binary form on a master magnetic tape 
wherein clock and data information previously read 
from the master tape is written on a copy tape as other 
clock and data information is read from the master 
tape, said verification process comprising: 

storing the bits of the data information as the bits are 

being written on the copy tape; 
selectively removing a specific stored bit in between 

the storing of the bits of data information; 
reading the bits previously written on the copy tape; 

and 

comparing the specific bit removed with the same bit 
read from the copy tape, in between the storing of 
bits in said storing means. 
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5. The verification process of. claim 4, further com- 
prising: 

recovering each bit of data stored immediately after 
it is stored; and 

comparing the read bit with the stored bit in between 
the comparing of the bits removed from said stor- 
ing means with the bits read from the copy tape. 

6. The verification process of claim 4, further com- 
prising: 
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counting the number of clock bits being utilized to 

store the data information bits; 
counting the number of clock bits being utilized to 

read the data information bits from the copy- tape; 

and 

detecting a coincidence in the count generated by the 
first and second counting steps. 



10 



15 



25 



35 



40 



45 



50 



55 



60 



65 



BNSOOCIO: <US - 3805284A1 1 > 



